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foot notes

Electromagnetic shower
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Electromagnetic calorimeter uses a successive 
generation of secondaries - EM shower. 

High energy photon occurs pair creation 
dominantly. 

High energy electron-positron pair loses its 
energy by bremsstrahlung.



foot notes

Radiation Length (Xo)
Characteristic amount for energy loss of 
(high energy) photon and electron 

mean distance over which a electron loses 
its energy as 1/e by bremsstrahlung 

7/9 of the mean free path for pair 
production by a photon
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foot notes

Longitudinal shower development
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Number of secondaries 

Average Energy 

Shower development stops at 

N = 2t

Radiation Length(Xo)

t=3 t=2 t=1 t=0 

(Eo) 

E(t) = E0/2
t

E(t) = Ec



foot notes

Critical energy (Ec)
Energy at which a electron losses its energy as 
same amount by bremsstrahlung and ionization. 

Energy at which the ionization loss per Xo is 
equal to the electron energy.
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foot notes6http://pdg.lbl.gov/2016/AtomicNuclearProperties/



foot notes7http://pdg.lbl.gov/2016/AtomicNuclearProperties/



foot notes

Longitudinal shower development
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Number of secondaries 

Average Energy 

Shower development stops at 

N = 2t

Radiation Length(Xo)

t=3 t=2 t=1 t=0 

(Eo) 

E(t) = E0/2
t

E(t) = Ec

Maximum number of shower particles at which their 
energy is critical energy ;

Ec = E0/2
t
max t

max

= ln(
E0

Ec
)/ln2



foot notes

Energy deposit
Energy deposit ∝ total integrated charged track 
length
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< Ti(E0) >=

Z i�t

(i�1)�t
N(E0, Eth, t)dt

dE

dx

= E0b
(bt)(a�1)

e

�bt

�(a)

= ln(
E0

Ec
) + Cj

Ce = �0.5
C� = +0.5

t
max( dE

dx

) = (a� 1)/b
Eth = 1.5MeV

EGS4 calculation 


